Abstract --A procedure is developed to extract numerical features which characterize the pore structure of reservoir rocks. The procedure is based on a set of descriptors which give a statistical description of porous media. These features are evaluated from digitized photomicrographs of reservoir rocks and they characterize the rock grain structure in term of (1) the linear dependency of grey tones in the photomicrograph image, (2) the degree of "homogeneity" of the image and (3) the angular variations of the image grey tone dependencies. On the basis of these textural features, a simple identification rule using piecewise linear discriminant functions is developed for categorizing the photomicrograph images. The procedure was applied to a set of 243 distinct images comprising 6 distinct rock categories. The coefficients of the discriminant functions were obtained using 143 training samples. The remaining (100) samples were then processed, each sample being assigned to one of 6 possible sandstone categories. Eighty-nine per cent of the test samples were correctly identified.
Introduction
In recent years, high speed digital computers have been widely used in the implementation of two-dimensional image processing and classification techniques. These digital techniques are currently used in a variety of applications in the fields of biomedical image processing, remotely sensed radar and multispectral scanner imagery analysis and other fields (Hall et al. [1] , Rosenfeld [2] , Andrews [31 and NASA [4] and [5] ). In this paper we present a procedure for automatic analysis and identification of digitized photomicrographs of the pore structure of reservoir rocks.
The analysis of the pore structure of the reservoir rock is important to geologists and petroleum engineers, who are interested in obtaining a series of numerical descriptors or features which statistically describe porous materials. If these features are valid, they may eventually be used for the prediction of the physical properties of porous media including porosity, specific permeability and formation factor which are important components in production studies.
In recent years, several investigators had attempted to evaluate and numerically characterize porous media. PerezeRosales [6, 7] , Davis [8] , Preston , Green and Davis [9] , Preston and Davis [10] have developed techniques to obtain features of photomicrographs of porous media to describe their characteristics .
Preston, Green and Davis [9] characterize the pore structure of rocks using values of the discrete power spectrum of specially prepared thin sections from reservoir sandstones. Their work is an extension of an earlier suggestion by Fara and Scheidegger [11] who stated that pore-grain geometries could be characterized by Fourier series fitted to a special function obtained from photomicrographs of sections through the rock. Preston , Green and Davis conclude that power spectra are statistically appropriate numerical descriptors of pore-grain geometry of porous media. In our present work, we use the textural features of the digitized photomicrographs of porous rocks to characterize and identify these photomicrograph images.
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An overview of the automatic image analysis scheme is shown in Figure 1 . 
Note that these matrices are symmetric; P(i,j; d,a) P(,i; d,a). The distance metric p implicit in the above equations is the 1w norm and can be explicitly defined by [12] : P((k,l), (m,n)) ={lk-ml'+ 1-n c} c which reduces to P((k,l), (m,n)) = max Ik-ml , Il-niL.
Consider Figure 3 -a, which represents a 4 x 4 image with four grey tones, ranging from 0 to 3. Grey Tone The appropriate frequency normalization for these matrices can be easily computed. 
Identification Experiments
Samples Used: The feature extraction and identification procedures were applied to a set of 243 photomicrograph images obtained from seven porous sandstone samples. The rock samples were impregnated with a special epoxide plastic that is very fluid and yet very hard when catalytically cured. A red dye was added to the plastic and the impregnated chips were used to make conventional thin sections which were then contact printed on to Kodalith film. Because this film is insensitive to red, it is exposed by light shining through the grains but not that shining through the red plastic filled pores. A high contrast pore-grain image is thus created on the film. Enlargements of films of the seven samples are shown in Figure  6 . These were made at a magnification 3x directly from the images of the 35mm film.
The geological description and the physical properties of the sandstone samples are presented in table 1. The Dexter sandstone samples used in our study were obtained from widely separated locations in Texas. An inspection of the Dexter images 6a, 6b, 6c and their physical properties reveals that the characteristics of the Dexter sample shown in 6b are quite different from the characteristics of samples 6a and 6c. Accordingly, the Dexter samples were treated as two distinct categories for identification experiments. The highly porous Dexter sample shown in Figure 6b Before the textural features were extracted, the 128 x 128 arrays were compressed to 64 x 64 arrays by averaging 4 elements in non-overlapping 2 x 2 sections. The grey levels in the 64 x 64 array were normalized using equal probability quantization with 16 levels. This normalization eliminates the variations in the grey levels which might have resulted from variations in lighting, lens, film, developer and other processing variables. 
